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SUMMARY

Two hundred and five observers in groups made judgments of apparent
azimith of five different types of sound stimuli, 6 five-second presenta-
%ione of each sound were heard over & dual-channel stereophonic sysiem,
The microphones wers mounted or a turntable capable of belng rotated
through 360 degrees and separated %o simulate intra-aural distance. This
had the effect of being able to rotate an observer 360 degrees in relation
to a single sound source, or the sound scurce rotating around the indi-
vidual through 360 degrees. The observers made their responses on a pre-
pared form indicating by & vector arrow the directicn from which the
sounds appeared to come as the angle of the micrephone turntable was
varlad randomly in relstion to a single loudspesker, The digtence zlso
varied in four steps randomly from 8 inches to 3} feet.

CONCLUSIONS

The analysis of the data indicate that observers attempting to local-
ize sound stimuli presented by a dval-channel sound systems

1, Were unable aignificantly bet ter than chance, to localize in
azimuth within a full quadrant of Y5 degrees the five types of stimuli
when all were consldered as a unit. However, the observers were able to
localize Music within a quadrant better than chance responses.

2. Subjects were unable to localize one of the sounds used as stim-
ull within a quadrant of azimuth significantly better than any of the
others.

3. DBy increasing the Hcorrectd azimuth angle to include T 9 degrees
the observers were able to localize some of the stimulus sounds signifi-
cantly different than others,

4, Sixteen percent of all responses made were 180 degrees away from
the stimilus sounds, This Jjudgement was significant well beyond the 0,1
parcent level of confidence and indicates that there may be localization,
that is, confusion, whether the stimulus 1s in one direction or directly
opposite,




IRTRODUCTION

The problems of sound localization have received attention by many
investigators over & considerabdle period of time (2, 3,.5, 6, 9). The
present thaories seem to indicate that localization is a complex inte-~
grabion of intensity, iemporal, and phase differences gt the two sars.
Additional cues are probably present resulting from visual stimuli and/or
proprioceptive muscle tonus (8). Observetione have also besn made that
complex tones are more sasily and reliably located than ars pure tones.

Many of the investigations using electronic devices have amployed
dichotic and binaural stimulation varying oneé or more of tha abeve~
mentioned "fundamentald factors of the elements of sound hypothegized
as necessary for locelizatlon., Stevens and Newman have shown that local-
ization error increases with the frequency of pure tone up to 3000 cps,
then decreases to a low level at 10,000 cps. They also show there is &
confusion between front and rear, particularly for frequencies helow
3000 cps (7). They used the technique of outdoor free-field conditions
swvinging the sound source around the obsexrver at a constant radius.

Tarlier, Steinberg and Snow had experimented with the ¥stereophonich
effect, or auditory perspective, using two or more microphones and loud-
speakers with the sound source (speech) behind an anditorium curtain and
the observers in the house. 7They found reasonably geod correspondence
between the caller’s actual position and his apparent position on the
stage (4). The auditory effecte of & two-channel system, having two
microphones mounted on a dumty head in the position of the ears and the
channels isolated to two earphones are strikingly realistic (1).

The present investigation is due to the influence of an experience
with a high-fidelity two-channel system. The apparent positiveness with
which a casual observer seemed to locate sound sources within a room plus
the dramatic semblance of movement proposed the question of how accurate
would the lccalization of various sounds be with the cues of vision, body
movement and muscle tonus eliminated,

A statement of the problem would seem to be, to investigate the accu-
racy of binaural localization using five different types of sound stimull
presented to the ears by an isolated dual-channel system matched through-
out, Under the conditions of the present experimental technlques the
vorking hypotheses are;

1. Observers will not be able to indicate ezimuth of a sound source
within ¥ 45 degrees at better than chance frequency.

2, There is no difference .among the five sounds used as stimulil
vhen the criterion measures are the frequency with _.\_vhich chaservers
indicate azimith within ¥ 45 degrees, (also within T 90 degreea).

3. There is no direct reversal (180 degree displacement) of
observer's judzments,




EC IPMENT

Figure 1 is a bleck diagram of the dusl-channel scund system, esach
channel isolated, with the outpnt going to each sarphune of matched head-
sets at the obsexrver'!sg stations located in a soundproofed room, The mini-
mum ambient noise level in the raom was 46 db (C scale on the General
Radio sound level meter).

The stimulus sounde were recorded on a magnetic tape recorder (Ampex
400) and were played back upon the same machine, This recorder was locates
in a control room and fed a 12~inch loudspeaker {Western Electric 728-B in
an enclosed 3 cubic foot baffle) located in a small sound-proofed room.
The loudspeaker was mounted so that the center of the speaker cone was a}
the same hsight above the horizamial as Uhe dgal microphones and delivered
an average signal of 78 db, r: .0002 dynes/cm®, at 8 inches., The two
condenser microphones (Altec¢ 21-B) were mounted on a brass turntable b
inches apart, simulating inter-aural distance, The turntable rode two
traverse rods parallel to the horizontal, This allowed the microphones to
be rotated through 360 degrses s3d to move in a straight line from the
axis of the speaker cone a distance of 8 inches minimum to 3} feet maxi-
num, The loudspeaker-microphones relationships are shown in Figuxe 2,

The microphones led %o two matched pre-amplifiers in the comsols {Altes
350-A), located in the comntrcl <oom, which passed the signals to two
"identical® amplifiers (Stencil-Hoffman R~-48P), Bach amplifier drove
one of the earphones (ANB-H-1) in each of the fifteen headsets located in
the larger sound rrom at the observer's stations., The signal under the
earphone cushions as messured by a probe tube coupled to a calibrated
condenser microphone was 80 db when the microphones were 8 inches from the
loudepeaker,

In essence, the signals were presented by a single sound source
picked up by two microphonee, each amplified by an identical amount and
presented to separate earphones. The system wes so arranged that when the
pointer on the turntable was aimed along the axis of the loudspeaker,
pointing toward the loudspeaker, the microphone on the right, or 90 de-
grees, fad the channel leadinz . to the right ear of the observer, The
wicrophene on the left, or 270 degrees, fed the left earphone., The S/X
ratic of the totval sysiem was 21 db at the stimulus level used,

PROCEDURE

Two hundred and five young adults acted as observers in groups of 4
to 15 individuals per group, listening in quiet. Each observer made
Judgments concerning five difforent types of sound stimuli and each type
of sound was presented six times for five seconds duration each presenta~
tion, Between each five second stimulue there was a five second eilent
period. Each zeries of like smound stimuli (ome line on the response
sheet) was announced, telling the type of sound stimulus to follow,

The microphonos were switchod off at tho contrcl room after the




initial ennouncement of each iine and betweeu each five second stimulus,
This allowed an experimenter in the smaller sound room %o rotate the mic-
rophone turntable to a designated azimuth angle and to vary the distance
in relation to the loudspeaker tov one of four positions, i.e. 8 inches,

1 fout, 2 mnd 3% feet., The azimuth and distsnce varied in a random order
for each type of sound. The schedule is found in Appendix I, The five
types of sounds used as stimuli were; (1) 500 cps pure tone; (2) sus-
tained vowsl [d] 125 cps sung by e male, baritone voice; (3) continuous
speech, a paragraph of factual prose; (4) musical passsge of full orches-
tra, symphonic arrangement of “Little Brown Jug!; (5) white noise,

Bach group of obgervers received instructions to assure that the
proper earphone went to the #correct? ear, Each individual was checked
for earphone orientation, The directions for the use of the response
forn, (see Appendix IT), were informaily presented but always contained
essentially the following informations ‘

®You are golng to hear 5 different types of sounds.
Bach of the five sounds you will hear six times and each
will last 5 seconds each presentation, Notice on your
response sheet (see Appendix II) that there is a repre~
sentation of a head for every time you hear & sound,
These 'heads! are supposed to represent your head,
looking down from on top and facing in the same direction
you are facing, The bump toward the top of the page you
are to imagine as your nose, The two bumps on either
side of the 'heads' are supposed to be your right and
left oars respectively. The dot in the center repre-
sents the top center of your head, The sounds you will
hear (these were enumerated) may appear to be coming
from various directions, in front, behind or from the
sides. Will you indicate by & 1line, or arrow, the dire-
ction from the center of your head, i.e, the dot, from
which the sound appears to come, If the sound seems
some distance from you make your arrow longer than if
the sound seems closer, If the sound appears to stay
inside your head and you cannot essign a direction-to
it, drav a circls around the dot. For each line of
heads the recorded voice will tell you %he type of
sound you are to listen for. Use a new 'head! for

your direction Jjudgment each time you hear a five
second sound¥,

Several iliustrations of the use of the vector arrow to report
azimith judgments were given {0 each group. Preliminary experimentstion
had indicated that it was difficult for "nalve" subjects to make bdoth
direction and digtance judgments so that the obsarvers were told to 1g-
pore attempting to fill in the "feet and inches® blanks on the response

form and to respond (o dlstance changes if they could, using the rough
indication auntlined in the "directions? shove,




DATA

Four tabulations were made from the responses. Thege are found in
Table 1 showing the fregquency as well as the mean frequencies with which
the Jjudgments of the 2056 observers, cach making 30 responses, fiv one of
the four categories that were employed in testing the hypotheses.

Ghi gguars tests were run t6 detvermine if the frequencies with which ‘
the observers made Ycorrect" responses within ¥ 45 degrees were made better :
than chance, The individual chi sguare tests made for each of the five !
types of sound stimuli showed that Music had a value of 5,77 which is :
significant at the 2 percent level. This was the only significant value}
the next largest chl square fell somewhere bhetween the 20 - 30 percent
level,

Two analyses of varlance were formulated from the date, The first
matrix used as basic scores the frequencies that each individual was able
to indicate "correct® azimuth with £ 45 degrees for each of the five types
of sound stimuli, The second analysis used as besic scores the frequency
that each response judgment fell within & 90 degrees, Both analyses are
summarized in Table 2, Since each mairix had the same degreeg of free-
dom that column is common for both,

Table 2

Source of Sum of Sum of
yarjance Squares Sguares d4,f, Variance Variance (F) (F)

t 45° x go° ¥ 45° £ gp® % 450 * gp°
Retween
conditions 11,18 23, 54 4 2, 80 5,86 i.98 5,44 **
Between
subjacts 776,42 998,46 204 3. 81 4,89 1.92 ¢ 4,779 *
Residunl 558,06 799, 60 816 1.46 1.02

Totals 1345,66 1821.60 1024
¢(Significant at the 1 percent level of confidence 1.28, 204 and 816 4&,f.)
*e(significant at the 1 percent level of confidence 3,35, 4 and 816 d.f,)

The value for (F) at 4 and 816 degrees of freedom would have %o be
greater then 2,568 to be significant at the & percent level of confldence,
It would seem, therefore, that using the present experimental conditione
end the criterion of T 45 degrees that the (I) ratio of 1,98 indicates no
differences due te the types of sounds used as stimull, Subjectes differed

slgnificantly, (F) of 1,92, in their ability to localize asound within an
arc of 90 degrees,




Tne second analysis indicated that as the "correct# azimuth angle
was increased from ¥ 45 degrees tc a ¥ 90 degrees that the types of sounds
used as stimuli differed significantly as to the frequency with which they
were localized., The (F) ratio between sound conditione of 5.44¢, signifi-
cant at the 1 percent level of confildence, makes untenable the hypothesis
that sound types de not differ whenm observers attempt to localize them
within a 180 degree arc., The (F) ratio indicating.subject variance was
also highly significant for the £ 90 degree criterion.

Because of the gignificent (F) found in the second analysis of vari-
ance above, (i) tests for related measures between the various types of
stimulus sounds were made, The basic measures were the frequency with
which the responses fell within ¥ 90 degrees. Reference to Table 3,
showing the (i) ratios between the respenses to the five types of stimu-
lus sounds, indicates highly significant differences between Music and
Contipuous Spesch (L of 4.538). There were significant differences be-
tween Music and [QJ_ (& of 2,869), Music and Tone (t of 2.794) and
Gontinuous Speech and White Noise (t of 3,192). The data do not show
statistical differences between Music and Yhite Noise or Tone and _fd4] .

By inference, then, it would seem that the mors complex sounds, i.e.
Music and White Noise, are judged equally well and the simpler sounds of
500 cps Tone and [a] _ also Judged eoqually well are different as to
Taccuracy? of localization within 180 degrees., If the evidence of the
chi square test showing Music to be localized better than chance and the
examination of the mean responses 1s admitted, it is possible to extra-
polate that Music may be on one end of a continuum and Tone or _[Al
near the other,

Most of the investigators reporting previously on localizetion have
indicated the difficulty experienced by observers in "hearing® the sounds
directly in front of them or directly behind, Qften they would judge the
sound to be 180 degrees away from tlie stimulus, The frequency with which
such direct reversals occurred in the present investigation were tabulated.
Sixteen percent of all of the possible judgments fell into this category,

An examination of the response forms during tabulation indicated that
there was no trend for one individual responding to the five types of
sound stimali to consistently make & direct reversal in localization.

They appeared tc be randomly distributed and not confined to the condition
in which the sound stimulus came from directly inm front or directly bve-
hind, A chi gquarc tost to determine the ;atia indiecaving responses sig-
nificantly better than chance yielded an JC of 66,3, well beyond the 0.1
percent level of confidence,

e 2
x*. (980-768. 75)"'+ (5381, 26-5170)

= 66,3
768, 76 B538l1,25

These results would seem to uphold the observation made by previous




investigations that direct reversel Jjudgments occur frequently.

An informal observation was made during the time of processing the
deta. It was noted that when the stimull were less intense, 1.e. 2 and
%% foot from tho loudspeoalker, that the number of responses indicating no
localization of the sound but centered within the head increased. Only
infrequently did the individual meke such a response when the microphones
were at 8 inches or at 1 foot, The few "gsophisticated" observers that
listened prior to the more formal investigation had made opposite reports.

DISCUSSION

The results of the present experiment indicate that eliminating most
of the cues to locaelization other than directing sounds to essentially
the tympanlc membrene widen the localization accuracy of azimuth angle
previously reported. It seems that the next logical step would be to
introduce some acoustical impedance, i.e. a shape representing a head,
into the present system, It may be that some shape such as the head could,
by modifying the phase and intensity relationships of the present equip-
ment, provide additional cues for more accurate responses,

The present experimental setup should also provide a reasonable
approach to a study of distance localization, The observers seemed to
find thet making two judgments on the response sheet used in the time
interval of & seconds were all but impossible, A separate experiment in
which distence 1s the sole response seems feasible, both with and withsut
a simuiated head interposed between the microphones of the two-channel
system,

An additional group of studies that seem plausible using the high-
fidelity stereophonic equipment would be amount, or degree, of movement
of a sound stimulus in motion, The studies could be done with or without
using a reference (stable angle) sound. Prior to any investigation re-
garding movement (apparent or actual) perhaps azimuth angle localization
studies could be redone using = constant reference sound, These are a
few of the studies that are possible using the present, or slightly modi-
fied equipment.

One of the circult refinements that needs to be incorporated into the
present system is a gate circult to eliminate clicks that occurred infre-
quently in the present instrumentation., These extraneous noise "clicks!
may have alded or hindered localization of the particular stimulus sound,
The nolses, however, occurred randomly and infrequently.

The results of the present axperiment tend to support the theory
that a more complex sound such as music stimulus can be localized more
accurately than less complex sounds. The lack of a statistical difference
between Music and White Nolse lends further support. Contra~-indicaiions,
however, are the wide differences in the (}) ratios between Tone - Music,




¥hite Noise ~ Tome and Music - White Noise. The trend is towsrd more sig-
nificant differences between a complex sound and & less complex; than be-
tween "simple” sounds ox complex pairings.
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Table 3, (i) ratios for related measures and the lovel of confideunce for
rejecting the null hypothesis between each of the five sound stimulus
conditions when the basic measures were the frequency of the responses
being "correct® L 90 degrees.

Stimulus Sounds (3)_Ratio Gonfidence Level
music and continuous speech 4,538 0.1 percent
white noise and continuous speech 3,192 1.0 #
music and (@] 2,869 1.0
music and tone 2,74 _ 1.0 ¢
wﬁite noise and tone ' 1,739 10,0 ¢
contipuous spesch and [0) 1,670 10,0 ¥
continusus speech and tone 1.639 20,0 ™
white noise and [4) 1.143 30.0
tone and (4] | .070 above 30,0

music and white noise .038 above 30.0 "
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APPENDIX I



AZTMUTE AND DISTANCE SCHEDULE

1, Ceondition I - 500 eps tome

00
2259
90°
145°
450

315°

ag 8%
at 3}
at 2t
at 1!
at B

at 2!

2. Condition Il - vowel L2l ,

450
270°
180°

00
215°
90°

3. Condition III - Continuous speech

225%
909
00
316°
180°
450

at 3kt
&t 8¢
at 1!
at 8"
at 2!

at 2!

at 8%
at 33
at 2!
at 2!
at 8

at 1!

4, Condition
270°
135°

0
270

IV « Orchestral music
at 339
st 2!
at 19
at 8%
at M

at 2°

5, Gondition V - ¥White noise

270°

225°

at 1!
at o
at 2!
at 2!

at 8"

at 3%
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Job No, 113

BINAURAL SOUND LOCALIZATION

NAME i} Agw D tua

Eave you aver bsen ~xpos~d to prolonged gunfire ?

Have you ~vay bean exposed to prolonged aircraft noilce . Az pilot.
Goumd erew or flight deck ?

° ORONO,

R
—ft__in St _in it _in 11
L% 48 =Lt _3n At _in 28 __in _ft_ iu fs_in
. O @ O ' R
T in _It_in _ft_in ft_in _£t _in e ip
. ) O O O’ ' ] ) R
It_in _ft_in 1t _in _ft_in ft_ in

ONO, ,.

_ft_3n _ft_ia ft__in ft_4n

—m " —

b

_th_in £
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